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ARTERIOVENOUS ANEURYSM 


Following World War 1 there was renewed interest 
in blood vessel surgery and numerous papers con- 
cerning vascular injuries appeared in medical litera- 
ture. Very little has appeared so far concerning such 
injuries from this War, but no doubt numerous in- 
stances are occurring on a scale larger than ever 
before and will be reported at a later date. 

Accounts of arterial injury in warfare have been 
recorded since the beginning of history and Homeric 
literature abounds with them. The recorded number 
of such injuries has increased steadily, probably due 
to the introduction of higher velocity projectiles of 
small calibre. Thus, few cases of aneurysm and no 
arteriovenous fistulae were recorded in the American 
Civil War, although they became familiar in the 
Spanish American War and have increased steadily 
in the wars which have followed. An extensive his- 
torical review relative to the occurrence of arterio- 
venous aneurysm as a result of war wounds, has 
been published by Rudolph Matas (Annals of Sur- 
gery, 71; 408, 1920). A review of vascular lesions 
produced by gunshot injuries as observed in the 
British Army in the last war, is to be found in the 
articles of Surgeon General Sir G. H. Makins (Bri- 
tish Journal of Surgery 3; 353, 1915-16, 4; 531, 
1916-17.) 

Inconspicuous wounds, or those in which the main 
injury may be of nerve or bone or of the soft tissue, 
may likewise involve blood vessels and are frequently 
overlooked through failure of the examining surgeon 
to suspect their presence, or because his attention has 
been diverted to a seemingly more important lesion. 

Aneurysmal swellings are for the most part due to 
true arterial dilatation, to a false aneurysm or pul- 
sating hematoma, or to an arteriovenous communica- 
tion. The first type is rarely seen in soldiers since 
they are in the main due to syphilis of long standing 
or to arteriosclerosis. The differentiation of a false 
aneurysm and an arteriovenous fistula is of extreme 
importance, since the sequelae, the general and local 
effects, as well as the treatment of the two conditions, 
are altogether different. The differential diagnosis is 
not always easy, but as a rule the arteriovenous 
aneurysm is characterized by a continuous thrill and 
a continuous machine-like bruit accentuated in sys- 
tole, whereas in the false aneurysms there is a slight, 
but distinct pause between the systolic and diastolic 
phases, or the bruit may be heard only in systole. In 
the case of a fistula the swelling is usually less pro- 
nounced, and local changes to be considered below 
are in the main of a differeat character. 

Fistulous communications between artery and 
vein comprise about one-fourth of all aneurysmal 
swellings of peripheral vessels. It is usually the re- 
sult of trauma, but in rare instances it may be con- 

genital. The most common cause is a wound of an 
artery and vein, which are closely incorporated in a 
common sheath. The femoral and carotid vessels are 
ideally situated in this respect and are the ones most 
frequently involved. However, any vessels may be the 
seat of the lesion, and involvement of practically all 
vessels has been reported. In the presence of a fistula 


between artery and vein, the blood is sho j 
from the artery directly to the vein without passing 
through the capillaries. Depending upon the size of 
the fistula, its location and duration, certain effects 
upon the heart, the blood pressure, the pulse rate, 
the peripheral circulation distal and proximal to the 
fistula, the surface temperature and the collateral 
circulation take place. 

William Hunter first described this condition in 
1757. He reported two instances of arteriovenous 
anastomosis in the brachial vessels due to blood let- 
ting. He clearly recognized and accurately described 
the local clinical signs and stated that “blood passed 
immediately from the trunk of the artery into the 
trunk of the vein and so back to the heart.” In addi- 
tion, he described the dilatation of the veins about 
the anastomosis and their pulsation, the dilatation 
of the artery above the lesion and its lessened size 
below it. Since Hunter’s classical paper numerous 
clinical and experimental observations of this condi- 
tion have been recorded in the literature, the chief 
contributors being Nicolandoni, Branham, Matas, 
Halsted, Reid and Holman. 

Early signs are variable and depend upon the loca- 
tion of the fistula and the size of the lesion. A small 
missile may produce an external injury so slight as 
to be unrecognized, but at the same time produce ex- 
tensive damage to the underlying artery and vein. 
External bleeding, however, is usually severe, but 
may have been controlled by pressure or by ligation. 

At a variable interval of time following the injury 
the patient may notice the presence of a pulsating 
mass or discover the thrill so characteristic of this 
condition. In other instances it may be found only 
after careful examination. If the fistula is a large one 
and in an extremity the pulse distal to it may become 
weak or even yg og The temperature of the ex- 
tremity distal to the fistula is usually colder than 
that of the opposite side and ulceration or other evi- 
dences of impaired circulation, even gangrene, may 
result. After the passage of a few weeks the veins in 
the region of the fistula will become noticeably en- 
larged and may even pulsate and the temperature of 
the ey in the region of the fistula is usually in- 
creased. 


THE EFFECT ON THE HEART 


Following the establishment of a fistula the heart 
dilates and the extent of the dilatation will depend 
upon the size of the opening and its duration. In 
large fistulas the increase in the size of the heart 
takes place rapidly and eventually results in cardiac 
failure. The exact mechanism responsible for the 
dilatation is not known, but following excision of the 
communication the heart usually returns to its nor- 
mal size. Holman has shown that there is an actual 
increase in the blood volume, and it has long been 
observed clinically that there is an increase in the 
pulse rate. There is likewise an increased cardiac 
output. With the closure of the fistula the blood vol- 
ume, the cardiac output, and the pulse rate return to 
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normal limits. The increase in cardiac output, the 
tachycardia and the increased blood volume are due 
to the imposition on the heart of an additional peri- 
pheral system, and the dilatation and hypertrophy 
are probably the result of the increased work the 
heart is called upon to perform. Reid believed that 
other factors may be responsible, and called attention 
to the fact that “cardiac changes are always asso- 
ciated with dilatation of the proximal portion of the 
involved artery.” He also pointed out that “demand 
of the part beyond it (i.e., the fistula) for a better 
blood supply may also a factor in increasing the 


pulse rate.” 
EFFECT ON THE BLOOD PRESSURE 
AND PULSE RATE 


Holman has shown that following the experi- 
mental production of a fistula in a dog, there is a 
marked drop in the blood pressure and an increase 
in the pulse rate. The blood pressure returns to 
normal within a few days, but a slight acceleration 
in the pulse rate remains. Immediate blood pres- 
sure changes have not been noted in clinical cases 
but the same phenomena of falling blood “songs 
and increased pulse rate probably occur. When seen 
weeks or years after the production of the fistula the 
patient’s blood pressure is usually within normal 
limits. If the communication is closed by pressure 
there is an immediate rise in the systolic pressure, 
together with a slowing of the pulse. Both of these 
phenomena are temporary and persist for only a few 
seconds. The explanation for the rise in pressure is 
that with closure of the fistula the peripheral re- 
sistance is raised since the blood is shunted through 
the capillary bed. The drop in pulse rate is probably 
brought about through reflex vagal action when the 
pressure rises in the aorta. Lewis and Drury found 
that it was abolished by atropinization, but I have 
not been able to abolish it, although I have tried to 
do so in five instances by giving one-thirtieth grain 
of atropine. The drop in pulse rate is characteristic 
of arteriovenous fistula and is of diagnostic value 
since it does not occur when blood is occluded from a 
spontaneous or traumatic aneurysm. The pheno- 
menon was first described by Nicolandoni in 1875, 
and later, but independently, by Branham in 1890. 


EFFECT ON THE BLOOD VESSELS 


William Hunter noted that the artery proximal to 
the fistula was enlarged but that distal to the fistula 
it was smaller than normal. He also mentioned the 
enlargement of the veins. This observation has been 
confirmed many times and occurs almost invariably 
if the fistula is large. The arterial dilatation may ex- 
tend as far back as the heart, but the venous enlarge- 
ment is most marked near the fistula, both proximal 
and distal to it. It is probably due, as Holman thinks, 
to the “greatly increased blood mass which accumu- 
lates in the shorter circuit by virtue of the decreased 
peripheral resistance at the site of the fistula.” The 
dilatation of the veins is due to the increased pres- 
sure in them. Reid is of the opinion that the arterial 
enlargement is due to degenerative changes plus the 
increased work and stress thrown upon the vessels. 
This arterial degeneration may lead to the formation 
of a spontaneous aneurysm as occurred to two of my 
patients. In one an aneurysm developed near the site 
of a femoral arterial fistula and eventually ruptured. 
In another an aneurysm developed in the femoral 
artery three years after excision of an arteriovenous 
fistula of the popliteal vessels. 


EFFECT ON THE COLLATERAL CIRCULATION 
There is no condition which produces such colla- 


teral circulation as an arteriovenous aneurysm. 


However, this circulation is for the most part use- 
less since most of the blood in the collateral vessels 
passes back a the fistula without nourishing 
the part beyond. The amount of collateral circula- 
tion will depend on the size of the opening and upon 
its duration. Fistulas of long standing usually pro- 
duce a network of vessels about the fistula which 
make the operation extremely difficult and tedious. 
While this circulation is of little value when the 
fistula is open, it means that the operation can be 
done without the fear of producing gangrene, pro- 
vided sufficient length of time is allowed for the de- 
velopment of the circulation. The collateral circula- 
tion is usually so great that the surface temperature 
in the part beyond is raised as a rule above that of 
the normal corresponding part when the fistula is 
excised. For example, the circulation in the foot after 
excision of a popliteal aneurysm is as good, or even 
better, than that of the opposite foot. 


TREATMENT 


The effect on the heart, general circulation and 
the part affected, demands that an arteriovenous 
fistula be eliminated. The manner of obliteration is 
of importance because if the operation is incom- 
pletely done, recurrence is sure to take place. The 
time of operation is likewise of importance. In gen- 
eral it should be as early as possible after collateral 
circulation has been established. This, as a rule, will 
be not more than two or three months and by that 
time the wound causing the fistula will have healed 
= and the danger of infection will have 
passed. 

On theoretical grounds it would seem best to repair 
the opening in both the artery and vein but this is 
technically difficult and with such a procedure there 
is always the liability of a recurrence. Since the 
collateral circulation is of such abundance, quad- 
ruple ligation of the artery and vein with complete 
excision is the method of choice. Ligation without 
excision usually results in a recurrence, since the 
fistula will be reestablished rapidly through colla- 
teral vessels. 

The operation should be carried out with the great- 
est care because of the large number of vessels and 
because their thinness and friability may lead to un- 
controllable hemorrhage. With the obliteration of 
the fistula a sudden load is thrown upon the heart 
because of the increased blood volume. This may lead 
to sudden heart failure and death, as happened in 
one of my cases. This eventuality may be overcome if, 
as Holman suggested, venesection be performed at 
the time of operation and 500 cc. to 1,000 ce. of blood 
withdrawn. Because of cardiac damage the patient 
should have a long period of rest following operation. 


CONCLUSIONS 


1. Fistulous communications between artery and 
vein comprise about one-fourth of all aneurysms of 
the peripheral vessels. 

2. Unlike true aneurysms, arteriovenous com- 
munications produce effects upon the heart, general 
circulation and the part involved, which are danger- 
ous or may be even fatal. 

8. Differentiation from other types of aneurysmal 
swelling is important because of the difference in 
treatment. 

4. The fistula should be obliterated, preferabl 
by quadruple ligation and excision as soon as po 
circulation has developed to nourish 

e part. 
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